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Abstract
Pulp necrosis in an immature permanent tooth leads to incomplete root end closure, thin 
fragile root dentine walls, and unfavorable crown-root ratio making routine endodontic 
therapy diﬃ  cult. Mineral trioxide aggregate (MTA) apexifi cation procedure may be 
used as fi rst-line treatment when root length or width is acceptable and risk of root 
fracture is not anticipated. Among the existing treatment approaches, maturogenesis is 
the biological approach that utilizes the full potential of pulp for dentin deposition. In 
the present case report, tooth #8 was managed with MTA apical plug and tooth #9 with 
maturogenesis using platelet-rich fi brin as scaﬀ old. Clinical follow-up for 3, 6, 9 months 
has shown resolution of clinical symptoms and radiographic examination showed 
closure of the apex, increase in the thickness of root dentine and increased percentage 
of radiographic root area as measured using image J software on periapical radiographs.
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Introduction
Loss of pulp vitality ceases the maturation process leaving 
the tooth with a wide root canal, open apex, and thin canal 
walls that are susceptible to fracture during and after the root 
canal treatment. This could be overcome by stimulating the 
formation of a hard tissue barrier to allow for optimal fi lling 
of the canal, which reinforces the weakened root against 
fracture.[1]
Various treatment options to manage non-vital young 
permanent teeth include non-surgical root canal treatment, 
apexifi cation with Ca(OH)2, mineral trioxide aggregate (MTA) 
apical plug, and apical surgery.[2] Single visit apexifi cation using 
MTA has gained popularity, but it does not facilitate continued 
root development.[2] Maturogenesis or revascularization or 
regenerative endodontic therapy (RET) is believed to be the 
ideal treatment modality for managing the non-vital immature 
permanent teeth. Maturogenesis promotes continued root 
development and root end closure following regeneration of 
pulp.[3] The procedure typically involves three stages: (i) canal 
debridement and disinfection; (ii) induction of bleeding 
and MTA placement at the Cemento- enamel junction; and 
(iii) restoration of the tooth.[4] Triple antibiotic paste (TAP) 
consisting of ciprofl oxacin, metronidazole, and minocycline has 
been used for disinfection of root canals as it is biocompatible, 
low cytotoxic when used in minimal concentration and possess 
broad spectrum antibacterial property. Scaﬀ old is necessary 
to support the invading stem cells to regenerate new tissues. 
Key elements for tissue regeneration are: (1) stem cells with 
the potential for proliferation and diﬀ erentiation; (2) scaﬀ old, 
to support the regenerated tissue; and (3) growth factors, that 
regulates diﬀ erentiation.[5]
Traditionally, the outcome of regenerative endodontics was 
assessed based on resolution of clinical signs and symptoms, 
pulp vitality tests, and hard tissue deposition as viewed on 
intraoral periapical radiograph (IOPAR). Flake et al. (2014) 
developed a method to measure radiographic outcomes of 
regenerative endodontic therapies on immature teeth focusing 
on the radiographic root area (RRA).[6]
The present case report describes successful maturogenesis of 
permanent maxillary left central incisor and MTA apexifi cation 
of permanent maxillary right central incisor in 19-years-old boy 
as measured using RRA.
Case Report
A 19-year-old male patient presented with discoloration in 
the upper front tooth, following trauma 9 years ago. Clinical 
examination revealed Ellis Class 2 fracture and discoloration in 
relation to tooth #9. No intra-oral swelling or sinus was detected 
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on palpation. No mobility was seen. Response to electric pulp 
testing and thermal tests were negative suggestive of pulp 
necrosis (in relation to teeth #8 and #9). Intraoral radiograph 
revealed immature apices in relation to teeth #8 and 9. The 
canals were wide with thin dentinal walls and slight fl aring at the 
apical end, more so with tooth #9 than #8. No root fracture was 
evident.
It was planned to perform RET in #9 and MTA apexifi cation 
in #8. Patient was explained all the treatment options available, 
and risks and benefi ts of regeneration and MTA apexifi cation 
procedures. Informed and written consent were obtained. 
Tooth #8 was prepared for MTA apexifi cation, and #9 were 
prepared for RET (according to the protocol set by American 
association of endodontists).
Conventional endodontic access was prepared in relation 
to tooth #9 following rubber dam application. Working 
length was determined with the help of IOPAR and minimal 
instrumentation was performed with sterile #60 K fi le, to prevent 
further weakening of thin fragile dentinal walls. Irrigation was 
performed with 3% sodium hypochlorite (NaOCl) solution with 
an intermediate rinse of normal saline [Figure 1a and b].
In tooth #9, TAP containing minocycline, ciprofl oxacin 
and metronidazole was mixed in 1:1:1 ratio and placed 
into the root canals. Cavit was used for inter-appointment 
coronal seal. After 3 weeks, tooth #9 was prepared for RET. 
Rubber dam was applied and intra-canal medicament (TAP) 
was removed with a fl ush of normal saline and 3% NaOCl 
solution. The canal was dried with absorbent paper points. 
Platelet-rich fi brin (PRF) was prepared from patients own 
blood in a table top centrifuge for 2 min at 2,700 rpm and 
placed into the canal. MTA was carried into coronal third to 
form 3-4 mm plug [Figure 2a and b] and squeeze dried cotton 
pellet was placed in the chamber and access cavity sealed 
with Cavit. After 24 h, the cotton pellet was removed and the 
access cavity was restored with a glass ionomer base followed 
by light cure composite resin [Figure 1c]. In tooth #8, after 
access cavity preparation, working length determination and 
chemomechanical preparation with 3% NaOCl and normal 
saline, 3-4 mm apical plug of MTA followed by squeeze 
dried cotton pellet was placed and access cavity sealed with 
Cavit. After 24 h, the canal was backfi lled with obtura system 
and access cavity was restored similarly as in #9. A baseline 
radiograph was taken [Figure 1d-f].
Patient was recalled after every 3 months for clinical and 
radiological examination. After 9 months follow-up, there was 
appreciable thickening of dentinal walls and root end closure in 
Figure 1: (a) Pre-operative radiograph. (b) Working length determination in relation to #9. (c) Immediate radiograph aft er PRF placement 
and mineral trioxide aggregate (MTA) coronal plug. (d) Working length determination #8. (e) MTA apical plug. (f) Backfi lling with 
thermo -plasticised gutta-percha
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relation to #9. RRA was measured on preoperative and follow-
up radiograph using image J software (1.47 Version) which 
showed 12.7% increase [Figure 3a-d]. Teeth were restored with 
all ceramic crowns to enhance esthetics of the discolored teeth 
[Figure 4a and b].
Discussion
RET in necrotic teeth was fi rst explored by Nygaard-Østby 
in 1961.[7] Revascularization of a non-vital immature tooth was 
tried by inducing blood clot into the root canal. Blood clot acts 
as a matrix onto which the stem cells from periapex could get 
seeded and re-establish the pulp vascularity.[5]
Choukroun’s PRF acts as a scaﬀ old for the invading stem cells 
of the apical papilla (SCAP) and have growth factors.[5] PRF has 
been shown to be ideal for pulp-dentin complex regeneration as it 
is both a healing and interpositional biomaterial. It acts as a barrier 
between desired and undesired cells.[8] The growth factors stimulate 
mitogenic response leading to proliferation and diﬀ erentiation of 
cells into odontoblasts, that are infl uenced by the cells of Hertwig’s 
epithelial root sheath (HERS).[5] These odontoblasts deposit 
atubular dentin at the apical and lateral walls of the root canal, 
leading to continued root development. Advantage of young age of 
the patients is the presence of high stem cell regenerative potential 
and open apex that oﬀ ers a pathway for SCAP and new blood 
vessels to invade the pulp space over the scaﬀ old.[9]
Calcium hydroxide is not suggested as an intra-canal 
medicament as Ca(OH)2 may kill viable pulp cells and SCAP, 
considered crucial for further root maturation.[3] Use of a tri-
antibiotic paste consisting of ciprofl oxacin, metronidazole and 
minocycline is valuable for disinfection of the root canal system.
Apical plug of MTA and gutta-percha backfi lling is currently 
the clinician’s choice provided there is suﬃ  cient root dentin 
thickness.[10] MTA is biocompatible, has osteoinductive and 
osteoconductive properties; setting is not aﬀ ected by the 
presence of tissue fl uids; and oﬀ ers single sitting treatment. 
Hence, it can be used to form an apical plug in apexifi cation 
and coronal seal in RET. However, MTA does not reinforce the 
remaining weakened root canals.[10]
The strongest evidence for success after RET is based on 
clinical outcomes, e.g., healing of apical periodontitis, continued 
radiographic root development and positive response to vitality 
tests.[11] However, negative responses to vitality testing may 
be attributed to the thick layers of MTA (3-4 mm) and glass 
ionomer cement (2 mm), followed by permanent restoration.[12] 
Moreover, dentin sensitivity in the natural pulp-dentin complex 
is related to the hydrodynamic activity of dentin tubules in 
association with A-β sensory fi bers, whereas newly regenerated, 
mineralized root canal tissue does not appear to have well-
organized dentin tubules and thus may not exhibit the same 
sensitivity as natural tissue.[13]
RRA measurement has been shown to be a valid method to 
assess the increase in root dentin thickness after regenerative 
therapy.[6]
In conclusion, regeneration induced Maturogenesis oﬀ ers 
the advantage of continued root development over MTA 
apexifi cation procedure. Outcome can be predicted as early 
as 9 months in cases which used PRF as scaﬀ old. RRA is a 
straightforward method to measure the radiographic changes in 
root size after endodontic treatment in immature teeth.
Figure 3: (a) Outlining of total root area in radiograph taken 
immediately aft er regenerative endodontic therapy (RET). 
(b)  Outlining of canal space in radiograph taken immediately aft er 
RET. (c) Outlining of total root area in 9-months follow-up radiograph. 
(d) Outlining of canal space in 9-months follow-up radiograph
Figure 4: (a) Photograph of teeth #8 and 9 prepared for All- Ceramic 
crown. (b) Post-cementation photograph of all ceramic crowns in 
relation to #8 and 9
dcba
Figure 2: (a) Platelet rich fi brin placement. (b) Mineral trioxide 
aggregate placement
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